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PATENT POOLS AND THE DIRECTION OF INNOVATION -

EVIDENCE FROM THE 19™ CENTURY SEWING MACHINE INDUSTRY

RyAN LAMPE AND PETRA MOSER*

Abstract: Patent pools allow a group of firms to combine their patents as if they were a single
firm. Theoretical models predict that pools encourage innovation in pool technologies, albeit at
the cost of innovation in substitutes. Empirical evidence is scarce because modern pools are too
recent to allow empirical analyses. This article examines data on patents and innovations by new
firms for a historical pool in the sewing machine industry (1856-1877) to examine effects on
innovation. Contrary to theoretical predictions, this analysis suggests that pools may discourage
innovation in pool technologies and shift R&D towards technologically inferior substitutes.
Patent pools, which allow competing firms to combine their patents as if they are a single firm,
have become one of the most prominent mechanisms to address problems with the current patent
system. For example, pools have been proposed as a means to prevent litigation over tablet
computers, smart phones, and video compression technologies, and are expected to facilitate
licensing and encourage scientific progress in molecular diagnostic testing for breast cancer and
treatments for HIV, cholera, and malaria.*

Enthusiasm for patent pools is fueled by the expectation that pools encourage the
adoption of new technologies and raise expected profits from R&D. For example, pools are
expected to reduce litigation risks and facilitate the production of new technologies when

competing firms own blocking patents for complementary parts of the same technology and

prevent each other from commercializing that technology (Shapiro, 2001; Lerner and Tirole,
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Department of Economics, Stanford University, Stanford, CA 94305, pmoser@stanford.edu. We wish to thank the
Wisconsin State Historical Society for granting access to the Singer Archives, and Nick Bloom, Tim Bresnahan, Uli
Dorazelski, Eric Hilt, Mark Lemley, Michael Meurer, Anthony Niblett, Frédéric Panier, Tim Simcoe, Gavin Wright
and seminar participants in Bonn, at the NBER, the Illinois Economics Association, and Stanford for helpful
comments. Nicola Bianchi, Marina Kutyavina, and Owen Boochever provided excellent research assistance.

! For example, Google launched an open-source video format pool to counter MPEG LA’s pool for the H.264 video
coding standard. MPEG has also announced plans for a patent pool in diagnostic genetic tests. A Pool for Open
Innovation against Neglected Tropical Diseases combines medicines to treat malaria, and UNITAID’s Medicines
Patent Pool aims to improve access to HIV treatments in developing countries.



2004). Thus, courts have argued that “In a case involving blocking patents, such an arrangement
is the only reasonable method for making the invention available to the public” (International
Mfg. Co. v. Landon, 336 F.2d 723, 729 (9th Cir. 1964)). Pools that combine complementary
patents are also expected to reduce license fees for outside firms as they avoid “royalty stacking,”
which occurs when multiple patents cover the same technology, and each patent owner
individually charges license fees that are too high considering the optimal price for the complete
product (Merges, 1999; Shapiro, 2001, p.134; Lerner and Tirole, 2004).2
As a result, antitrust authorities are generally supportive of pools that combine
complementary patents without outside substitutes because they expect such pools to “provide
pro-competitive benefits by integrating complementary technologies, reducing transaction costs,
clearing blocking positions, and avoiding costly infringement litigation” (Department of Justice,
1995).°
A primary concern, however, is that pools of complementary patents may discourage
innovation in substitutes for pool technologies, as they “unreasonably foreclose the non-included
competing patents from use by manufacturers” (Department of Justice, 1999). Thus the creation
of a pool of complementary patents is feared to put substitutes at a disadvantage, even if they are
technologically superior to the pool technology because:
“including only one of several substitute patents in a pool ‘risks foreclosing markets to
competing patents outside the pool’ because a licensee would not purchase both a pool

license and a license for a substitute patent, even if that substitute were a superior
technology” (Department of Justice and Federal Trade Commission, 2007).

% In contrast, pools that combine substitute patents may increase license fees (Lerner and Tirole, 2004).

¥ In the 1990s, the Department of Justice approved the MPEG-2 pool, the 3G platform and two DVD pools, which
established technological standards for computers and DVD players (see Merges, 2001). These pools included
“essential” patents for complementary technologies without substitutes outside of the pool. For (non-essential)
complementary patents with substitutes, Quint (2009) predicts that pools reduce overall welfare if lower prices for
pool patents reduce the profitability of outside patents.



Empirical evidence on the effects of patent pools is, however, scarce, because modern
pools are too recent to examine their effects on technical change and because modern
technologies are generally too complex to allow researchers to clearly recognize substitutes.
Thus, empirical analyses have focused on the determinants of participation and on the design of
agreements to govern profit sharing and access to patented inventions (Lerner, Strojwas, and
Tirole, 2006; Layne-Farrar and Lerner, 2011).

This paper uses data for the Sewing Machine Combination (1856-1877) to investigate the
potential effects of a pool on the rate and direction of technical change.* As the first patent pool
in U.S. history, the sewing machine pool operated in the complete absence of regulation.®> This
provides a particularly clean test of theoretical predictions, which typically assume the absence of
government intervention (Shapiro, 2001; Lerner and Tirole, 2004; Dequiedt and Versaevel,
2007). The historical setting also makes it possible to observe the complete life cycle of an
industry from the prototype stage to technical maturity. Another benefit is that sewing is simple
enough to allow us to clearly identify substitutes for the pool technology, which is substantially
more difficult for modern data.

Earlier work suggests that the creation of a pool may have reduced, rather than increased
the rate of technical change in sewing machines (Lampe and Moser, 2010). Patenting declined
after the creation of a pool, both in absolute levels and relative to other industries. Patenting also

declined relative to Britain, which did not have a pool; British patents continued to increase

* The sewing machine industry played an important role in the technological development of the United States.
Machine tools developed for the mass production of sewing machines were adopted by other industries, including
car-making, as part of the American System of Manufacturing (Hounshell 1984, pp. 67-124). In 1890, sewing
accounted for eight percent of GDP (Depew, 1968, p. 538).

® The first major antitrust case was E. Bement & Sons v. National Harrow Co. 186, U.S. 70, 91 (1902). National
Harrow’s had formed to end crippling litigation over float spring tooth harrows (used to soften top soil for
cultivation). This pool grew to include 22 firms that covered over 90 percent of the market and required licensees to
adhere to a uniform pricing scheme. The Supreme Court decided that the pool’s licensing terms were lawful,
arguing that the benefits it conferred - preventing litigation over patent scope and validity - outweighed the costs that
price-fixing created for the industry.



gradually throughout this period, while U.S. patents only increased again after the patent pool
dissolved in 1877. Alternative measures of innovation confirm that the rate of technical change
slowed after the pool had formed and increased again after it had dissolved.
But a simple application of models of vertical differentiation suggests that the creation of

a pool may also affect the direction of technical change in an unexpected way: Specifically, the
creation of a patent pool may encourage rather than discourage innovation in — technologically
inferior — substitutes. Pools typically combine patents for the best available technologies
(Shapiro, 2001; Gilbert, 2004), and - as a remedy for blocking patents - allow members to
produce the highest quality product. This creates a market-niche for outside firms to enter with
lower quality and less expensive substitutes, which increases the expected returns of R&D to
improve substitutes.® Incentives for shifting innovation away from pool technologies towards
lower quality substitutes may be particularly strong for pools that introduce differential license
fees or increase litigation risks for outside firms; both mechanisms make it difficult for outsiders
to compete with the pool technology.

In the sewing machine industry, four prominent firms - Singer, Wheeler & Wilson, Grover
& Baker, and Elias Howe - agreed to pool their patents to end crippling litigation during the
“sewing machine wars” (1851-1856, Bissell, 1999, p. 84). Their pool combined nine
complementary patents that were necessary to build state-of-the-art sewing machines. Its key

technology was the lockstitch (U.S. patent 4,750), an efficient and sturdy stitch mechanism,

® With price competition and consumers with identical tastes but different incomes, equilibria exist where both high
and low quality products are offered (Gabszewicz and Thisse, 1979). If entrants can choose the quality of their
product, some firms enter with high quality and others with low quality products to avoid price competition (Shaked
and Sutton, 1982). Berry and Waldfogel (2010) find that market size increases the range of qualities in the restaurant
industries, where quality is produced with variable costs, but not in the newspaper industry, where quality is
produced with fixed costs, and average quality increases with market size. See Tirole (1998) for a concise
presentation of key ideas.



which continues to be used today. Its closest substitute, the chain stitch, was widely understood
to be technologically inferior and “unsuitable for sewing purposes” (Flint et al., 1878, p. 425).

To measure changes in innovation for pool technologies and substitutes we compare
changes in lockstitch and chain stitch patents per year after the pool formed with changes in other
sewing machine patents. This difference-in-differences approach makes it possible to control for
unobservable factors, such as changes in the demand for sewing machines, which may have
encouraged invention in substitutes for the pool technology independently of the pool. Time
fixed effects control for changes in patenting over time and subclass fixed effects control for
differences in the propensity to patent across technologies.

Data include all 4,576 U.S. patents granted for sewing machines between 1845 and 1885
and — as an alternative measure of innovation — information on the technology choice of 170 new
firms that entered the industry between 1849 and 1885. To distinguish pool technologies from
substitutes, we link U.S. patents and sewing machine models with technical information on
sewing machines from manuals for collectors of antique sewing machines (Cooper, 1976; Bays,
2007).

Patent data indicate a dramatic shift towards substitutes after the pool had formed. Until
1856, a comparable number of lockstitch and chain stitch patents were granted each year. After
the pool had formed, nearly twice as many patents were granted for the chain stitch compared
with the lockstitch. Regressions that control for differences in the intensity to patent across
technology classes and years imply a 6-fold increase in chain stitch patenting immediately after
the creation of the pool. These results are robust to a broad range of alternative specifications,
including controls for pre-existing time trends, for the quality of patented inventions, and for the

count data nature of patents.



A potential caveat to these results is that the change in patenting may reflect a change in
the need for strategic patenting, rather than a true change in innovation. Specifically, if the
creation of a pool reduces litigation risks for pool members and outside firms, it may reduce the
need for strategic patenting in the pool technology. To address this issue we examine changes in
the technology choice of new firms as an alternative measure of innovation. These data confirm
that innovation shifted towards the technologically inferior substitute after the pool had formed,

and only returned to focus on the pool technology after the pool had dissolved.

I. THE SEWING MACHINE PooL, 1856-1877

On 10 September 1846, the U.S. Patent Office granted patent No. 4,750 to Elias Howe for *“a
device for passing a second thread through a loop in the first,” “the idea that made mechanical
sewing a practical art” (Scientific American, Vol. 7 (1865), p. 264). Howe’s patent was so broad
that it covered practically any device to sew a lockstitch and other firms contested it almost
immediately. The Circuit Court, however, upheld Howe’s patent in 1852 (Scientific American,
Vol. 13 (1852), p. 356), effectively enabling Howe to extract large amounts of license fees
(Depew 1895, p. 526).” Similar to patent trolls today, Howe did not produce any machines, but
began to extract $25 per machine from producers, roughly one quarter of the average price of a
machine (Cooper, 1976, p. 47). Firms that owned patents that were needed to build a
commercially viable machine began to sue each other - creating one of the first patent wars - and
the production of sewing machines came to a halt (Cooper, 1976, p. 41).

To resolve this early patent war, Howe and three dominant producers - Singer, Wheeler &

Wilson, and Grover & Baker - agreed to pool nine complementary patents on October 24, 1856

" Also see Cooper, 1976, p. 28 and 41.



(Albany Agreement, Singer Papers, Box 225).® Taken together, these three firms accounted for
93 percent of output in 1856.°

In addition to Howe’s lockstitch, the pool included two other patents — equally broad - for
technologies that manufacturers needed to build a high-quality sewing machine: Singer’s patent
U.S. 6,439 on the combination of a vertical needle with a horizontal sewing surface, and Wheeler
& Wilson’s patent 12,116 on a “four-motion” mechanism to feed cloth to the needle.® Although
Howe’s patent covered nearly every improvement in the lockstitch, it did not extend to the closest
substitute, the chain stitch. Based on the “erroneous idea that the sewing machine must imitate
the human hand and fingers” (Cooper, 1976, p. 11), the chain stitch was well understood to be
inferior to the pool’s technology. The single-thread chain stitch came easily undone (Jack, 1956,
p. 114; Cooper, 1976, pp. 19-20), while the two-thread chain stitch was inefficient and produced

a bulky seam (Cooper, 1976, p. 38)."

A. Increasing litigation risks for outside firms

Until the pool had formed, manufacturers who licensed Howe’s lockstitch patent, could
market slight modifications of existing machines (Depew, 1895, p. 529). For example, Isaac
Singer was able to reverse-engineer a machine by Lerow and Blodgett within 11 days, and, with a

few slight improvements, began to market and patent it as his own (Cooper, 1976, p. 30). After

& The creation of the pool appears to have been unanticipated: Contemporary newspapers, such as the New York
Times, Chicago Tribune and Scientific American include no references to a pool before the Albany Agreement was
announced. In fact, Grover & Baker was only included because its President, Orlando Potter, suggested the idea of a
pool (Cooper, 1976, p. 41).

® Singer had produced 5,136 machines between January 1853 and December 1856, Wheeler & Wilson 4,936, and
Grover & Baker 5,787. By contrast, 13 remaining firms had produced fewer than 650 machines each by 1856
(Cooper, 1976, p.47).

19 Anecdotal evidence suggests that inferior substitutes also existed for the four motion feeding mechanism (Knight,
1877, p. 2102), but - similar to modern technologies - it is impossible to uniquely identify invention in these
substitutes.

1 One of the pool members, Grover and Baker, produced a two-thread chain stitch; it exited the industry in 1875
(Cooper, 1976, p. 70). Early chain stitch machines, such as Thomas Saint’s (British patent 1,764 in 1790) and
Barthelemy Thimonnier’s (France, 1830) were not commercialized (Cooper, 1976, p. 42).



the pool formed, Singer and other members began to aggressively exclude competitors that they
perceived to produce “offensive imitations” of the pool technology (Depew, 1895, p. 530).
Evidence from court records only measures cases that went to trial, and may therefore
underestimate the real threat of litigation, but it is nevertheless suggestive. While the pool was
active, it was a defendant in only 3 cases, but initiated 15 cases against outside firms (Lampe and
Moser, 2010).*

The four firms also agreed to defend their patents as a group and established a litigation
fund of $10,000 (equivalent to 265,000 year 2010 $ using the consumer price index and 36.2
million $ as a share of GDP), exceeding the annual sales of most small manufacturers (Cooper,

1976, p. 41).5

B. Lower license fees for pool members

Although the pool licensed its technology to any firm that did not copy its machines,*
and the pool did not interfere with licensees’ choice of price or product quality (Depew, 1895, p.
530; Hounshell, 1984, p. 68)™ it created a significant gap between the licensing costs for

members and outside firms, which may have reduced the ability of outside firms to compete with

12 with the lockstitch patent secured in court, litigation focused on Wheeler and Wilson’s patent (U.S, Patent 7,776)
for a mechanism to feed cloth to the machine, with 13 of 14 cases initiated by the pool (data from final judgments in
Westlaw’s pre-1945 federal courts database). Patent data suggest that the pool may have also deterred innovation in
this technology. Subclass 323 relates to the four-motion feed. While the pool was active between 1857-76, an
average of 3.5 patents were issued in subclass 323. After the pool dissolved, the average climbed to 8.4 patents per
year between 1877-85. The pool’s patent for a flat sewing surface may have been broad enough to deter entry
without further litigation.

13 Conversions based on Williamson (2010).

 Howe, who relied on license fees as his only source of revenue, demanded that the pool license to a minimum of
24 manufacturers (Cooper, 1976, p. 41). Although this goal was never reached, he managed to extract the equivalent
of 30 million year 2010 dollars by the time his patent expired in 1867 (using Williamson’s (2010) GDP deflator to
convert Parton’s (1867) estimate of $2 million.)

> The pool licensee Willcox & Gibbs, for example, only used the vertical needle and four-motion feed but rejected
Howe’s lockstitch (Cooper, 1976, p. 47). Regarding production quotas, the Albany Agreement stipulated that
licensees should not sell more than 1,000 machines per year, but many licensees produced more machines. Ladd &
Webster, for example, sold 1,788 machines in 1859 (Cooper, 1976. p. 40).



pool technologies. In 1856, the pool reduced Howe’s license fees from $25 to $5 for members
and $15 for other firms (Bays, 2007, p. 15). In 1860, when Howe’s patent first expired and was
renewed for 7 years, fees dropped to $1 for members and $7 for other firms.*® In 1867, when the
U.S. Congress denied Howe a second extension, the pool abolished fees for members and
lowered fees to $5 for other firms. In 1870 fees for outsiders declined to $3 (Vaughan, 1956, p.

41).

C. The last pool patent expires in 1877

When Howe’s patent expired in 1867, the pool continued on the strength of patents for
Wheeler & Wilson’s feeding mechanism and Singer’s horizontal surface. Since the Albany
Agreement did not include a grant back rule, which would have required pool members to offer
any new patents first to the pool (Lerner, Strojwas, and Tirole, 2007), it dissolved when the last

of the original nine patents - on Singer’s horizontal surface - expired on May 8, 1877.%'

Il. DATA
Data on all U.S. patents for sewing machines between 1845 and 1885 serve as the main
measure of innovation; data on the technology choice of new firms that entered the sewing

machine industry serve as an alternative measure of innovation.

A. U.S. Patents for Sewing Machines, 1845-1885

18 Under the Patent Act of 1836 (5 Stat. 117, 119, 5) patentees could petition the Commissioner of Patents for a 7-
year extension to the basic 14-year term. Second extensions required an Act of Congress, which Howe and Wheeler
& Wilson failed to obtain in 1867 and 1875, respectively (New York Times, January 26, 1875).

7 Theoretical predictions about the effects of “grant-back” rules are ambiguous. Grant backs may reduce incentives
to innovate by requiring members to share expected profits from future inventions, but they also prevent hold-up by
blocking patents (Lerner and Tirole, 2004; Lerner, Strojwas, and Tirole, 2007).



Between 1845 and 1885, the U.S. Patent Office granted 4,576 U.S. patents in class
112: Sewing; these patents are recorded in the USPTO Patent Full-Text and Image Database.
Class 112 is divided into 362 subclasses for patents issued, which on average produce 0.42
patents per year between 1845 and 1885. Sixteen subclasses are lockstitch inventions (112:181-
196); 9 subclasses are chain stitch inventions (112:173-175 and 197-202).*® Subclasses of
lockstitch and chain stitch inventions produce 0.77 and 0.79 patents per year, respectively,

between 1845 and 1885.'° Grant years measure the timing of inventions.?

B. Two alternative controls for the quality of patents

To control for variation in the quality of patents, we collect data on the number of 20"
century patents that cite historical sewing machine patents.”* Data on citing patents after 1975
are available in the NBER patent data (Hall, Jaffe, and Trajtenberg, 2001). These data can,
however, only capture citations 100 years after the initial patent, when it is likely to be obsolete.
To close this gap, we create a search algorithm that picks out references to patent numbers in
patent grants between 1920 and 1974. As a first cut, our search algorithm identifies 600

references to 467 unique patent numbers in class 112. We check all references; 445 of them are

'8 Three subclasses for machines that use multiple needles could be either chain stitch or lockstitch inventions
(112:164-166). Another subclass (112:168) includes machines that can switch between stitch types; it produced 53
patents. Results are robust to different ways of assigning these subclasses.

19 Three patents that were listed both as chain and lockstitch inventions (21,089, 18,880, and 89,093), are included in
both categories.

%% In a random sample of 100 patents between 1873 and 1875, the average sewing machine patent was granted 140
days after the application. This finding is consistent with Thomson’s (1987, p. 435) observation that sewing machine
patents were typically granted six months to a year after the application.

2! Citations are the most frequently used measure of patent quality. Trajtenberg (1990) shows that patents for
socially valuable innovations in Computed Tomography (CT) are cited more in later patents. In a data set of
agricultural innovations in hybrid corn, citations are positively correlated with the size of innovations, measured by
improvements in yields (Moser, Ohmstedt, and Rhode, 2011).



patent citations to 359 unique sewing machine patents in class 112.%? Including patent citations
from the NBER data set, these data indicate that 618 patents - 14 percent of sewing machine
patents between 1845 and 1885 - were cited by at least one patent after 1920 (Table 1).

An alternative measure of patent quality takes advantage of an independent selection of
important patents by curators of the Smithsonian Institution. Until 1880, the USPTO required
patentees to submit a model of their invention. On February 13, 1925, Congress appropriated
$10,000 to dispose of these models and offer them to the Smithsonian Institution (Brown, 1994,
p. 6). Smithsonian curators then selected 751 patents that they considered most important; 708 of
these patents were issued between 1845 and 1885 in class 112 (Cooper, 1976, p. 206, Table 1).3
Ten percent of patents granted during the pool period are cited, compared with 14 percent before

and 17 percent after the pool.

C. The technology choice of new firms, 1849-1885

Data on the technology choice of entrants provide an alternative measure of innovation.
A total of 170 sewing machine manufacturers entered the sewing machine industry between 1849
and 1885. For 146 of these firms, stitch types can be uniquely identified from archival sources.
Photographs and technical notes in collectors’ manuals (Cooper, 1976; Bays, 2007) and trade
cards from the Smithsonian archives identify stitches for 111 machines. Knight’s (1876)

Dictionary of Mechanical Inventions records stitches for 29 machines. Product names that refer

22 Without this check, the algorithm may falsely identify as citations references to patent numbers in a different
context. For example, the algorithm identifies U.S. patent 1,462,243 for “an improved soap” as a potential citation to
Howe’s patent No. 4,750 because making the soap requires “Anhydrous caustic soda about 4,750 kilograms.”

2 The Smithsonian data confirm that citations may be biased towards more recent inventions (Hall, Jaffe, and
Trajtenberg, 2001). Forty-two percent of cited patents in our data were issued after 1880, compared with 9 percent
of the Smithsonian patents. No pool patent was cited after 1920 but 6 were selected by the Smithsonian. The
average Smithsonian patent received 0.14 citations after 1920, compared with 0.17 for other patents between 1850
and 1880.
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to a specific stitch make it possible to assign another 6 machines.** Of these 146 total firms, 78
sewed the lockstitch, 61 the chain stitch, and 7 another stitch. Thirty-five of 170 entrants were
licensees of the sewing machine pool (Depew, 1895; Cooper, 1976); 22 licensees entered with

the lockstitch, 10 with the chain stitch, 2 with other stitches, and 1 with an unknown stitch.

D. Selection bias — underestimate innovation by small producers of substitutes

Firms that produced substitutes for pool technologies were smaller, more likely to exit
and therefore less likely to leave behind a traceable record. In a data set of annual sales for 27
licensees, the average chain stitch licensee produced 5,552 machines per year between 1867 and
1876, compared with 16,890 for lockstitch licensees (Cooper, 1976, p. 40). Some licensees
produced as little as 100 machines per year, and fewer than 500 machines while they were in
business (Depew, 1895, p. 530). Our data include some small firms, such as the Union
Buttonhole Machine Co. and C. F. Thompson, which each produced fewer than 150 machines
(Cooper, 1976, p. 40), but probably not all. A comparison with the U.S. census of manufacturing
suggests that we may be especially likely to miss small producers of chain stitch machines in the
early years of the pool (Lampe and Moser 2010). The census of 1860 counts 74 sewing machine
firms; we capture 29 firms with known years of entry and exit in that year. The census of 1870

counts 49 firms; our data capture 31 firms.

I1l. RESULTS

A. Patenting spikes in the early years of the pool and then declines

4 For example, the New York Shuttle, can be uniquely identified as a lockstitch machine because only lockstitch
machines used a shuttle (Urquhat, 1881, p. 26).

11



Patent data indicate that invention in sewing machine increased immediately after the
pool had formed, both in absolute terms and relative to other industries. Before the pool formed,
a total of 25 sewing machine patents were granted in 1856 (1.1 percent of all U.S. patents, Figure
1); immediately after the pool formed, 51 patents were granted in 1857, 92 in 1858, 75 in 1859,
and 73in 1860 (1.9, 2.7, 1.8, and 1.7 percent of all U.S. patents, respectively). After this initial
increase patenting declined until the pool dissolved again. In 1867, 68 patents were granted for
sewing machines (0.6 percent of all U.S. patents). After the pool dissolved, patenting increased
again to 259 patents in 1882 (nearly 1.5 percent of U.S. patents).

A comparison with Britain, which did not have a pool, indicates that this decline in
patenting cannot be explained by natural variation in patenting rates over the life cycle of the
sewing machine industry; in Britain, sewing machine patenting followed a continuous path for
the duration of the pool (Figure 1).*° Data on improvements in sewing speeds (as an alternative
measure of innovation to control for strategic patenting) confirm that innovation slowed after the

pool formed and did not recover until it had dissolved (Lampe and Moser, 2010, p. 917).

B. This spike in patenting is driven by an increase in patenting for the substitute

Why did patenting increase in the early years of the pool? An analysis at the level of
individual technologies reveals a substantial shift towards inventions in the chain stitch even
though it was understood to be technologically inferior.?® Between 1850 and 1855, 4.0 chain

stitch inventions were patented per year, compared with 3.3 lockstitch inventions (Figure 3).

2 Two British patents in 1861 and 1865 refer to “single-thread machines™ in the title; these could be chain stitch
machines. Twenty-seven patents refer to lockstitch machines; of these patents, 3 while the pool was active, and 24
after it had dissolved.

%8 The alternative explanation that the prospect of a pool provoked a patent race (Dequiedt and Versaevel, 2007), and
that patents which resulted from this race were granted with some delay, is not supported by the data. Twelve of 50
chain stitch patent grants in 1858 include application dates; the earliest is October 23, 1857 (U.S. patent 19,015),
nearly one year after the pool had formed.

12



Between 1857 and 1862, 21 chain stitch inventions were patented per year compared with 12.3
lockstitch inventions.

After the pool dissolved, the focus of innovation reverted to the pool technology and
away from the substitute: From 1877 to 1885, 4.0 chain stitch inventions were patented per year,
compared with 21.3 lockstitch inventions.

OLS and negative binomial regressions test whether this shift toward chain stitch
invention may have been driven by alternative factors, including variation at the level of

technologies and over time:

Q) patentset = a + £ pool; * chain stitch; + B, pool; * chain stitch.* pool age;
+ B pool; * lockstitch, + £, pool; * lockstitch.*pool age;
+ 6 +fc + e

where the dependent variable measures patents per subclass ¢ and year t. The binary variable
pool equals one for years from 1857 to 1876, when the pool was active for the entire year; it
equals 0 in 1856 and 1877, even though the pool was active for part of these years, which will
lead us to underestimate the effects of the pool. Binary variables for chain stitch and lockstitch
distinguish subclasses of chain stitch inventions (USPTO subclasses 173-175 and 197-202 in the
main class sewing) and lockstitch inventions (USPTO subclasses 181-196).

Under the assumption that, in the absence of a pool, changes in patents per year would not
have been systematically different for chain stitch and lockstitch technologies, compared with
other sewing machine inventions, coefficients for pool * chain stitch and pool * lockstitch
measure the effects of the pool on the direction of technical change. Interactions with pool age
test whether the pool’s effects on innovation weakened as its patents aged. 6 and f. control for

year and subclass fixed effects. To be conservative, standard errors are clustered at the level of

13



subclasses instead of pool versus substitute technologies, which would reduce the size of the
error.

Estimates imply that chain stitch subclasses produced 2.6 additional patents per year
while the pool was active compared with subclasses of other sewing machine inventions
(significant at 1 percent, Table 3, column 1), implying a 6-fold increase relative to the mean of
0.42 patents per subclass and year (Table 2). In comparison, lockstitch subclasses produced only
0.35 additional patents while the pool was active (not statistically significant, Table 3, column
1).” An estimate of 0.19 for pool*chain stitch*pool age implies that the differential increase in
chain stitch patenting declined by 0.19 patents per year (significant at 1 percent, Table 3, column
1), while estimates for pool*lockstitch*pool age are negative and not statistically significant,
suggesting that the effects of the pool declined as its patents aged and weakened.

Results are robust to the inclusion of linear and quadratic time trends (with estimates of
2.53 to 2.59 for pool*chain stitch (Table 3, column 2-4). Estimates are also robust to alternative
specifications that replace subclass fixed effects with dummy variables to distinguish chain stitch
and lockstitch subclasses (Table 3, column 3), and replace year fixed effects with a dummy
variable for pool years (Table 3, column 4).2 Results are also robust to dropping any subclass
from the sample, and to alternative assignments of subclasses that could include either lockstitch

or chain stitch inventions.?

2T A Wald test statistic of 5.19 (Table 3, column 1) rejects the hypothesis that the coefficients for pool*lockstitch and
Eool*chain stitch are equal with a p-value of 0.02.

® Results are also robust to controlling directly for the potential demand effects of the American Civil War (1861-
1865). Anecdotal evidence suggests that the war favored the lockstitch. Demand for lock stitch machines increased
with the demand for durable, machine-sewn uniforms by the Union Army (Whitten and Whitten, 2000, p. 91-92),
whose size increased from 16,267 soldiers in January 1861 to 959,460 in January 1865 (Long and Long, 1971).
Singer, for example, sold thousands of lockstitch machines to the Union Army (Botti, 2006, p. 97). Regressions that
control for increases in the size of the Union Army yield slightly larger estimates for a shift towards the chain stitch,
and indicate that every additional 10,000 soldiers reduced patenting overall by 0.003 (significant at the 1 percent
level).

2% Subclass 199 (Oscillating or reciprocating looper) produced 49 patents between 1857 and 1860, compared with 17
patents between 1849 and 1856, and 34 patents between 1861 and 1877. Excluding it reduces the estimate for
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Additional robustness checks repeat the main specifications as negative binomial
regressions to control for the count data characteristics of the outcome variable, and restrict the
sample to primary subclasses and subclasses that existed in 1856 to control for the specific
characteristics of the U.S. patent system. Negative binomial regressions indicate a slightly larger
shift towards chain stitch innovation: Chain stitch subclasses produced 640 percent more patents
while the pool was active (exp (1.996)-1=6.4; significant at 1 percent, Table 4, column 1), while
lockstitch subclasses produced 70 percent more patents.®® As the pool aged, the effect on chain
stitch patents declined by 11 percent per year (significant at 1 percent, Table 4, column 1).

Restricting the sample to primary subclasses also leaves the estimates substantially
unchanged. Each U.S. patent is assigned to one primary and potentially one or more secondary,
or cross-reference, subclasses. To capture the full effects of the pool we include both types of
subclasses in the main specifications, and drop cross-reference subclasses in this robustness
check to ensure that the results are not driven by their inclusion in the main regressions.*
Regressions with the restricted sample indicate that chain stitch subclasses produced 2.4
additional patents while the pool was active, implying an 800 percent increase compared with an

average of 0.3 patents per subclass and year, while lockstitch subclasses produces 0.4 additional

pool*chain stitch to 1.7 with a standard error of 0.6. Excluding other chain stitch subclasses leaves the estimates
above 2.3. Three subclasses for machines that use multiple needles could be either chain stitch or lockstitch
inventions (112:164-166). Between 1845 and 1885, these subclasses produced a total of 11 patents. Regressions
that include these subclassses yield a coefficient of 2.2 for pool*chain stitch with a standard error of 0.82. Another
subclass (112:168) includes machines that can switch between stitch types; it produced 53 patents. Knight (1876)
includes information on the stitch type for 32 patents in this subclass; 30 of them are lockstitch machines. Results
are robust to including this subclass as a lockstitch subclass (with coefficients of 2.6 for pool*chain stitch and 0.4 for
pool*lockstitch with standard errors of 1.0 and 0.1, respectively).

%0 A Wald test statistic of 16.75 (Table 4, column 1) rejects the hypothesis that the coefficients for pool*chain stitch
and pool*lockstitch are equal with a p-value of 0.00. We use Wald tests instead of likelihood ratios because the
likelihood ratio statistic may not be distributed as a chi-square with standard errors that are clustered at the level of
subclasses, i.e. not homoscedastic (Cameron and Trivedi, 2009).

%1 1,080 of 4,576 sewing machine patents between 1845 and 1885 are assigned to one or more secondary subclass;
the median patent is assigned to 1 subclass, the average is assigned to 1.36, and 1 is assigned to 9 secondary
subclasses. Forty-two of 362 subclasses are never listed as a primary subclass; 1 of them (174 — “Running Stitch:
Crimping”) covers the chain stitch; none cover lockstitch inventions.
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patents, implying a 133 percent increase (significant at 1 percent, Table 4, column 3). As the
pool’s patents aged, its effect declined by roughly 0.2 patents per year after 1857 (significant at 1
percent, Table 4, column 3), implying a 6.9 percent decline per year.

A final robustness check drops all 266 subclasses that produced no patents before 1856;
these subclasses include new technologies that did not exist when the pool formed. Two of them
cover the chain stitch, 5 the lockstitch, and 259 are for other improvements in sewing machines.
In regressions with the restricted sample of subclasses that existed at the creation of the pool,
chain stitch subclasses produced 3.0 additional patents after the pool had formed (significant at 5
percent, Table 4, column 5) compared with 0.8 patents per subclass and year in this sample. In
comparison, lockstitch subclasses produced only 0.4 additional patents after the pool had formed

(Table 4, column 5).%

C. Annual effects with controls for pre-existing time trends

An alternative test estimates variation in patenting for pool technologies and substitutes
separately for each year by estimating annual effects controlling for pre-existing trends.
Specifically, we allow the coefficients for pool * chain stitch and pool * lockstitch to be different
from zero for eight years before the pool (1849-1857) to control for unobservable factors that
preceded the creation of the pool, but may have created a differential increase in chain stitch
patenting after the pool had formed.*

2 patentset = o + S 1(1849-1876), *chain stitch, + S 1(1849-1876), *lockstitch,
+ &+ e+ ex

%2 A Wald test statistic of 4.24 rejects the hypothesis that estimates for pool*chain stitch and pool*lockstitch are
equal with a p-value of 0.04.

%1849 is the first year with a significant number of sewing machine patents. A total of seven patents were granted
between 1845 and 1848.
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where the indicator variable 1(1849-1876); is equal to 1 for any year between 1849 and 1876; as
above, ¢ estimates annual fixed effects and f; subclass fixed effects.

For 1858 — two years after the creation of the pool - year-specific coefficients indicate that
subclasses with chain stitch patents produced 6.4 additional patents (significant at 5 percent,
Figure 4), implying a 16-fold increase compared with a mean of 0.4 patents per subclass and
year. Year-specific coefficient estimates remain positive and significant until 1865.3* All
estimates allow for variation in patenting across pool technologies and substitutes before the
creation of the pool. Coefficients for the pre-period are statistically significant but comparatively

small (between 0.4 and 1.0).

D. Controlling for the quality of patents

Data for high-quality inventions indicate a significant, but substantially smaller shift
towards chain stitch invention after the creation of the pool, suggesting that the shift towards
chain stitch inventions created fewer high quality patents. Between 1857 and 1861, 14 of 42
cited patents were for the chain stitch, compared with 5 of 21 cited patents between 1845 and
1856. Difference-in-differences regressions indicate that chain stitch subclasses generated 0.26
additional cited patents per year while the pool was active (significant at 10 percent, Table 3,
column 5), implying a 371 percent increase, compared with an average of 0.07 cited patents per
subclass and year. As its patents aged, the pool’s effect on chain stitch invention weakened by
0.02 patents per year (significant at 5 percent, Table 3, column 5). At the same time, the pool had

a negative, albeit not statistically significant effect on lockstitch patents.

* In regressions that do not control for the pre-trend, the estimated effect of the pool on chain stitch patenting is
slightly smaller in the early years and persists until 1862. Results are robust to including quadratic time trends for
lockstitch and chain stitch subclasses; annual effects range between 1.1 and 5.7 between 1857 and 1861 (significant
at 10 percent, not reported).
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Regressions for Smithsonian patents - as an alternative measure of quality - yield similar
results. Between 1850 and 1856, 12 of 48 Smithsonian patents were for the chain stitch; between
1857 and 1862, 88 of 179 Smithsonian patents - roughly half - were for the chain stitch (Figure
5). Difference-in-difference estimates indicate that chain stitch subclasses produced 1.83
additional Smithsonian patents per year (significant at 1 percent, Table 3, column 6), compared
with an average of 0.07 Smithsonian patents per subclass and year. Interactions with pool age
imply that the pool’s effect on chain invention weakened by 0.12 Smithsonian patents per year
(significant at 1 percent, Table 3, column 6). In comparison, the effect on lockstitch patents is

substantially smaller at 0.2 additional patents per year.*®

IVV. TECHNOLOGIES OF NEW FIRMS AS AN ALTERNATIVE MEASURE OF INNOVATION

Although patent data suggest that the creation of a pool encouraged innovation in
substitutes, the observed shift may be due to changes in the need for strategic patenting rather
than reflect a true change in innovation. Most importantly, if the pool reduced litigation risks for
outsiders that produced the pool technology, it may have reduced the need for strategic patenting
in the pool technology relative to the substitute.®® To explore this effect, we examine changes in
the technology choice of new firms as an alternative measure of innovation.

Entry data confirm that innovation shifted towards substitutes for pool technologies after
the pool had formed. Between 1850 and 1856, only 7 of 27 new firms entered with a chain stitch

machine. In 1857, all 9 new firms entered with chain stitch machines. This emphasis on the

% A Wald test statistic of 5.99 (Table 3, column 6) rejects the hypothesis that the coefficients on pool*chain stitch
and pool*lockstitch stitch are equal with a p-value of 0.01.

% Survey data indicate that firms use patents to protect themselves from litigation (Cohen, Nelson, and Walsh, 2000;
Hall and Ziedonis, 2001). In the biotech sector, firms are less likely to patent in crowded subclasses where the risk
of litigation might be higher (Lerner, 1995). In 19th-century data, the share of innovations that are patented varies
strongly across industries and increases in response to scientific breakthroughs that increase the risk of reverse
engineering (Moser, 2005, 2012). In contemporary data for the United States, there is also evidence of strategic
behavior in patent citations (Lampe, 2010).
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chain stitch persisted after Howe’s lockstitch patent expired in 1867. In that year, 5 of 10
entrants produced chain stitch machines (Figure 6).3” The share of chain stitch entries only began
to fall in 1871, when the pool’s last remaining patents were about to expire. After the pool

dissolved in 1877, only 1 of 26 firms entered with a chain stitch machine.*®

V. WHY MAY PATENT POOLS ENCOURAGE INNOVATION IN SUBSTITUTES?

Data on patent grants and the technologies of new firms in the sewing machine industry
indicate that the creation of a pool encouraged innovation in substitutes. This finding is
surprising because it contradicts an intuitive concern about pools that combine complementary
patents. Pools of complementary patents may discourage innovation in substitute technologies —
even if they are technologically superior because they create a competitive advantage for pool
technologies, which benefit from complementarities with other pool patents. Evidence that

patent pools encourage innovation in substitutes, however, is exceedingly robust.

A. Vertical differentiation and differential license fees
How might the creation of a pool encourage innovation in substitute technologies? The
case of the sewing machine industry suggests that the creation of a pool may encourage

innovation in substitutes by increasing incentives for outside firms to vertically differentiate their

%" The tenth entrant, the American Buttonhole, Overseaming and Sewing Machine Company produced a machine for
buttonhole sewing, which we assign to “other stitch.” Patent data also suggest that firms specialized in either the
lock or the chain stitch. For example, Wheeler & Wilson and the Howe Machine Company only patented lockstitch
technologies between 1849 and 1885, while Willcox & Gibbs only patented chain stitch machines during this period.
Singer (a lockstitch manufacturer) patented only two inventions related to the chain stitch (USPTO 10,842 and
10,974 in 1854), while Grover & Baker (a chain stitch manufacturer) patented only one invention related to the
lockstitch (U.S. patent 118,450 in 1871).

%8 Regional differences in the choice of technologies cannot explain these changes. Approximately equal shares of
new firms entered with chain stitch machines in the early years across the Midwest and the Northeast: between 1857
and 1876, 4 of 9 (44 percent) entrants in the Midwest manufactured chain stitch machines, compared with 25 of 57
(44 percent) entrants in the Northeast. Between 1867 and 1876, fewer entrants produced chain stitch machines in
both regions; 1 of 5 (20 percent) in the Midwest compared with 10 of 24 (42 percent) in the Northeast.
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products from the pool technology. If the pool combines complementary patents that allow its
members to produce a high-quality product, and sell it at a high price, it creates a market niche
for outsiders to offer lower quality substitutes at a lower price.*® This market niche is particularly
attractive relative to improving the pool technology, if the creation of a pool increases litigation
risks for outside firms.

Price data are consistent with this idea. While the pool was active, the average chain
stitch sewing machine sold for $39, while the average lockstitch machine sold for $71.*° The
example of Willcox & Gibbs — one of the pool’s most powerful competitors, - lends additional
support to idea of vertical differentiation. Considering Singer and other pool machines “entirely
too heavy, complicated, and cumbersome, and the price exorbitant” (Cooper, 1976, p. 45),
Willcox entered in 1857 with the twisted-loop stitch, a lower-priced substitute.** At $50
(Cooper, 1976, p. 36), Wilcox & Gibbs’s machine was priced between the lower-quality chain
stitch ($33 in the late 1850s) and pool models (e.g., $100 for Wheeler & Wilson’s with the same
accessories, Cooper, 1976, p. 47). In response, Singer reduced the price for to its entry-level
(light) family machine, which it had introduced in 1858, to $50 almost immediately. In 1859,
Singer offered an improved family machine for $75 (Cooper, 1976, p. 47). Between 1867 and

1876, Willcox & Gibbs sold 19,588 machines per year, compared with 104,317 machines for the

% The pool technology may be sold at a higher price because the pool created a certain degree of market power or
because producing pool’s technology, which was “more complicate” required “higher costs of manufacturing”
(Cooper, 1976, p. 48). In 1877, for example, leading producers of $60 and $70 machines incurred average
production costs of $11 to $15 per machine (New York Times, May 8, 1877).

“As late as 1877, licensees sold lockstitch machines for $60 to $70. Price data from Cooper (1976), Bays (2007),
and trade cards from the Historical Trade Literature in the Smithsonian Collection.

*I Willcox & Gibbs’ stitch is typically treated as a chain stitch because of its single thread, although it differed “as
much as so as any two stitches made” (Flint, 1873, p. 425).
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average pool member (Cooper, 1976, p. 40, Figure 2). In 1877, after the pool had ended, Singer
began to sell its family machine for $30 (New York Times, May 8, 1877).%

Differential fees for outside firms and pool members may have further reduced expected
profits from improving pool technologies. After the pool formed, license fees fell to $5 for
member firms, but remained comparatively high at $15 for outside firms. Given this difference
in fees, a disproportionate number of new firms entered with the chain stitch technology,
compared with the lockstitch (25 and 9 entrants, respectively, Table 5).

As the gap between member and non-member fees narrowed, more firms chose to patent
and enter with the pool technology. With license fees at $7 for outside firms (and $1 for
members) between 1861 and 1867, outside firms patented a total of 42 chain stitch inventions,
compared with 60 lockstitch invention between 1861 and 1867. Thirteen firms entered with
chain stitch machines, compared with 8 firms that entered with lockstitch machines. With license
fees at $3 between 1871 and 1876, outside firms patented 22 improvements in the chain stitch,
compared with 100 improvements in the lockstitch; during this time, 5 firms entered with chain
stitch and 12 with lockstitch machines. After the pool dissolved in 1877, outside firms patented
35 chain stitch inventions, compared with 192 lockstitch inventions between 1877 and 1885; 25
firms entered with lockstitch machines and 2 with chain stitch machines (Table 5).

Although the number of licensees (and their patents) is relatively small, data on patenting
and entry are suggestive. Firms that chose to license the pool technology were more likely to use
the lockstitch than the chain stitch across all years, but we observe a significant increase in

lockstitch patenting only towards the end of the pool.

“2 Unlike other competitors, Willcox & Gibbs survived competition with the pool, and remained in business selling
machines for industrial use until 1973 (Bays, 2007, p. 263). Most modern-day chain stitch (single-thread) machines
sew a stitch that is based on Willcox & Gibbs’.
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V1. CONCLUSIONS

While regulators expect patent pools of complementary patents to encourage innovation
in pool technologies at the expense of substitutes, data for the sewing machine industry indicate
the opposite effect. Pool members and other firms produced fewer patents after the pool had
formed and more patents after it had dissolved. Moreover, improvements in technical
performance slowed after the pool had formed and increased again after it had dissolved. A
temporary spike in patenting in the early years of the pool was due to a shift towards patenting in
technologically inferior substitutes that did not compete directly with the pool technology. In the
early years after the pool had formed, outside firms produced six times as many patents for
substitutes relative to the pre-pool period. Results are robust to a broad range of alternative
specifications, including separate time trends for pool technologies and substitutes, controls for
the quality of patents, and negative binomial regressions to control for the count data nature of
patents. Moreover, data on the technology choice of new firms, as an alternative measure of
innovation, confirm that innovation shifted towards substitute technologies after the pool had
formed, and shifted back to pool technologies after it had dissolved.

Why may patent pools encourage innovation in substitutes at the expense of pool
technologies? Most importantly, the creation of a patent pool strengthens incentives for outside
firms to differentiate their products vertically from the pool technology. Specifically, the
creation of a pool that combines complementary components of the state-of-the-art technology
allows member firms to market a high-quality product at a relatively high price, which creates a
market niche for outside firms to enter with a lower quality, cheaper substitute. Price data
confirm that substitute technologies —which were well understood to be technologically inferior -

were significantly cheaper than the pool technology.
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This shift in R&D towards inferior substitutes is further encouraged by two
complementary mechanisms, which make it hard for outsiders to compete directly with a pool.
First, the introduction of differential license fees raises production costs for outsiders relative to
pool members, and reduces average profits for outsiders that improve the pool technology.
Second, pools that increase litigation risks for outside firms reduce expected profits especially for
outsiders whose products are closer to the pool’s technology.

How can these findings be generalized to contemporary pools? A key benefit of the
historical setting is that the sewing machine pool operated in the complete absence of regulation,
effectively recreating the standard assumptions of theoretical models. Contemporary pools,
however, are subject to antitrust regulation under the Sherman Act to mitigate mechanisms, such
as differential license fees and differential litigation risks that impact the ability of outsiders to
compete with the pool. The experience of the sewing machine industry suggests that additional
empirical analyses are needed to better understand if and under what conditions pools can help to

encourage innovation.
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TABLE 1: NUMBER OF PATENTS, CITED PATENTS AND PATENTS SELECTED BY THE SMITHSONIAN 1845-1885

Total Patents Cited Patents Smithsonian Patents
Technology Type Chain stitch ~ Lockstitch Other Chain stitch  Lockstitch Other Chain stitch  Lockstitch Other
() (03] (©) (4) ®) (6) @) (@) (©))
Pre-Pool (1845-56) 30 30 94 5 6 10 12 15 23
Pool (1857-76) 192 280 1,917 17 19 208 124 98 280
Post-Pool (1877-85) 35 192 1,809 9 23 321 9 21 129
All Years 257 502 3,820 31 48 539 145 134 432

Notes: Cited patents — as a measure of quality — count all sewing machine patents between 1845 and 1885 that are cited by at least one other patent between 1920
and 1974. Smithsonian patents — as an alternative measure of patent quality — count patents that were selected by curators of the Smithsonian as significant

inventions. Chain stitch patents cover the substitute for the pool technology; these are patents are in USPTO subclasses 112:173-175 and 112:197-202. Lockstitch
patents cover the pool technology; these are patents in subclasses 112:181-196.

TABLE 2: MEAN OF PATENTS PER SUBCLASS AND YEAR ACROSS POOL TECHNOLOGIES AND SUBSTITUTES

Chain Stitch Subclasses Lockstitch Subclasses Other Subclasses in All Inventions in
(Substitute for the Pool (Pool Technology) “Sewing” “Sewing”
Technology)
Pre-Pool (1845-56) 0.31 0.16 0.04 0.05
Pool (1857-76) 1.21 0.88 0.40 0.44
Post-Pool (1877-85) 0.50 1.33 0.85 0.87
All Years 0.79 0.77 0.39 0.42

Notes: Data include all 4,576 patents granted between 1845 and 1885 in USPTO class 112 Sewing. Chain stitch patents cover the substitute for the pool

technology; these are patents are in USPTO subclasses 112:173-175 and 112:197-202. Lockstitch patents cover the pool technology; these are patents are in
subclasses 112:181-196.



TABLE 3: OLS — DEPENDENT VARIABLE IS PATENTS PER SUBCLASS AND YEAR

All Patents Controlling for patent quality
(5)-(6)
Cited Patents Smithsonian
(O] 2) 3 4) ®) (6)
Pool*Chain stitch 2.632** 2.525* 2.525** 2.594** 0.263 1.828**
(0.947) (0.981) (0.969) (0.967) (0.159) (0.663)
Pool*Chain stitch*Pool Age -0.193** -0.175** -0.175** -0.168** -0.023* -0.116**
(0.066) (0.064) (0.064) (0.064) (0.010) (0.040)
Pool*Lockstitch 0.353 0.326* 0.326* 0.394** -0.073 0.195*
(0.328) (0.146) (0.145) (0.144) (0.038) (0.078)
Pool*Lockstitch*Pool Age -0.016 -0.027* -0.027* -0.021 0.002 -0.009
(0.014) (0.011) (0.011) (0.011) (0.002) (0.005)
Chain stitch 0.366* 0.037
(0.178) (0.179)
Lockstitch -0.024 -0.353**
(0.056) (0.061)
Pool (=1 between 1857-76) 0.016
(0.026)
Constant 0.576** 0.110** 0.565** 0.385** 0.030** 0.037*
(0.043) (0.037) (0.059) (0.029) (0.010) (0.014)
Subclass Fixed Effects Y Y N N Y Y
Year Fixed Effects Y Y Y N Y Y
Linear and Quadratic Time Trends N Y Y Y Y Y
Wald Test Statistic (p-value): 5.19* 4.93* 5.05* 5.07* 4.23* 5.99*
Pool*Chain stitch = Pool*Lockstitch (0.02) (0.03) (0.03) (0.03) (0.04) (0.01)
No. of Observations 14,842 14,842 14,842 14,842 14,842 14,842
R 0.32 0.32 0.11 0.02 0.15 0.22

Notes: The variable pool equals 1 for years between 1857 and 1876; chain stitch counts patents for the substitute technology (subclasses 112:173 to 175
and 112:197 to 202); lockstitch counts patents for the pool technology (subclasses 112:181 to 196); other sewing machine patents are the omitted
control group. Pool Age counts years after 1857. Cited patents were constructed by searching www.google.com/patents for references in patent grants
from 1920 to 1974 to patent numbers between 1845 and 1885; citations for 1975 to 2002 are from Hall, Jaffe and Trajtenberg (2001). Smithsonian
patents from Cooper (1976). Wald test for equality of the coefficients on pool*chain stitch and pool*lockstitch. Standard errors are clustered at the
subclass level. ** significant at 1 percent, * significant at 5 percent.




TABLE 4: ROBUSTNESS CHECKS OLS AND NEGATIVE BINOMIAL — DEPENDENT VARIABLE IS PATENTS PER SUBCLASS AND YEAR
Negative Binomial (1)-(2)

Primary Subclasses (3)-(4)

Subclasses active in 1856 (5)-(6)

)] 2) (©)] 4) (5) (6)
Pool*Chain stitch 1.996** 1.856** 2.394** 2.394** 2.980* 2.980*
(0.304) (0.326) (0.921) (0.910) (1.224) (1.210)
Pool*Chain stitch*Pool Age -0.120** -0.120** -0.166** -0.166** -0.208** -0.208**
(0.027) (0.025) (0.060) (0.059) (0.079) (0.078)
Pool*Lockstitch 0.539 0.507 0.380* 0.380* 0.432* 0.432*
(0.283) (0.264) (0.149) (0.147) (0.213) (0.211)
Pool*Lockstitch*Pool Age -0.030* -0.033* -0.028* -0.028* -0.040* -0.040*
(0.014) (0.013) (0.011) (0.011) (0.016) (0.016)
Chain stitch 4,135%* 0.335* 0.411
(0.655) (0.170) (0.233)
Lockstitch 2.624** -0.006 -0.069
(0.515) (0.055) (0.088)
Constant -4.054** -2.289** 0.074* 0.402** 0.970** 0.325**
(0.183) (0.198) (0.033) (0.051) (0.118) (0.101)
Subclass Fixed Effects Y N Y N Y N
Year Fixed Effects Y Y Y Y Y Y
Linear and Quadratic Time Trends Y Y Y Y Y Y
Wald Test Statistic (p-value): 16.75** 14.04** 4.67* 4,78* 4.24* 4.34*
Pool*Chain stitch = Pool*Lockstitch (0.00) (0.00) (0.03) (0.03) (0.04) (0.04)
No. of Observations 14,842 14,842 14,842 14,842 3,936 3,936
No. of Subclasses 362 362 362 362 96 96
Log-likelihood / R? -8372.24 -10469.34 0.30 0.09 0.33 0.15

Notes: The variable chain stitch counts patents for the substitute technology (subclasses 112:173 to 175 and 112:197 to 202); the variable lockstitch counts patents for the
pool technology (subclasses 112:181 to 196); other sewing machine patents are the omitted control group. Pool Age counts years after 1857. Wald test for equality of
the coefficients on pool*chain stitch and pool*lockstitch. Standard errors are clustered at the subclass level. ** significant at 1 percent, * significant at 5 percent.



TABLE 5: PATENTS AND ENTRY BY FOR THE CHAIN STITCH (SUBSTITUTE) AND THE LOCKSTITCH (POOL TECHNOLOGY)

License Fees Patent Grants New Firms Entering the Industry
All Granted to Licensees All Licensees
Years Outsider Member  Chain stitch Lockstitch Chain stitch Lockstitch ~ Chain stitch  Lockstitch  Chain stitch  Lockstitch
1849-52 $0 $0 11 6 1 0 3 8 0 2
1853-56 $25 $25 19 21 3 1 5 12 0 4
1857-60 $15 $5 107 63 3 5 25 9 2 5
1861-67 $7 $1 42 60 5 7 13 8 4 6
1868-70 $5 $0 21 57 1 7 8 4 2 3
1871-76 $3 $0 22 100 1 10 5 12 2 2
1877-85 $0 $0 35 192 0 14 2 25 0 0

Notes: Chain stitch patents cover the substitute for the pool technology; these are patents are in USPTO subclasses 112:173-175 and 112:197-202. Lockstitch
patents cover the pool technology; these are patents are in subclasses 112:181-196. Data on all patents from the USPTO Patent Full-Text and Image Database.
Chain stitch patents are in USPTO subclasses 112:173-175 and 112:197-202, lockstitch patents are in subclasses 112:181-196. Three patents that were listed both
as chain and lockstitch inventions (21089, 18880, and 89093), are included in both categories. Data on licensees and firm entry from Cooper (1976); data on stitch
types from Knight (1877), Cooper (1976), Bays (2007), and the Smithsonian Archives.



FIGURE 1 — SHARE OF SEWING-MACHINE PATENTS IN ALL PATENTS:
UNITED STATES VERSUS BRITAIN
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Notes: U.S. patents granted in USPTO main class 112 Sewing; British patents from A Cradle of Inventions:
British Patents from 1617 to 1894. Data are for substantive inventions only, excluding patents for attachments,
tables and stands.

FIGURE 2 — MARKET SHARES OF POOL MEMBERS AND LICENSEES
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Notes: Data on market shares for licensees of the pool from Cooper (1976); production data for Wheeler &
Wilson are missing in 1868 - we include the average of sales for 1867 and 1869. Grover & Baker exited the
industry in 1875.



FIGURE 3 — LOCKSTITCH AND CHAIN STITCH PATENTS PER YEAR
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Notes: Patents granted in subclasses of lockstitch and chain stitch inventions per year from the USPTO Patent
Full-Text and Image Database. Lockstitch subclasses are 112: 181 to 196; chain stitch subclasses are 112: 173

to 175 and 112: 197 to 202.

FIGURE 4 — YEAR-SPECIFIC ESTIMATES OF THE POOL’S EFFECT ON CHAIN STITCH PATENTS
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Notes: Annual estimates of S, in the OLS regression Patents, = o + 1, Pool; *Chain stitch, + S5 Pool,
*Lockstitch, + 6 + f.. To control for pre-trends in patenting, the variable Pool is set to 1 starting in 1849; & are

year fixed-effects and f. are subclass fixed-effects.



FIGURE 5 — CITED AND SMITHSONIAN PATENTS
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Notes: Citations are captured through an automated full text search of U.S. patents in class 112 from 1920 to
1974 for references to US patents between 1845 and 1885 in the same class. The algorithm identifies 600
potential citations; a hand-check removes 145 erroneous citations that are typically based on the random
occurrence of a patent number in the full text of a patent. Citations for 1975 to 2002 are from the NBER patent
data set (Hall, Jaffe and Trajtenberg, 2001). Smithsonian patents were selected by Smithsonian curators as
significant inventions (Cooper, 1976).

FIGURE 6 — ENTRANTS BY STITCH TYPE
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Notes: Entrants to the sewing machine industry are listed in Cooper (1976); stitch type are matched to firms
based on guide books for sewing machine collectors, contemporary atlases of technology, and archival records
at the Smithsonian Institution (Knight 1877, Bays 2007, and the Smithsonian Historical Archives). “Other
stitch” includes specialized stitches for buttonholes and leather.
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